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Technical Field

This invention relates to a method of semiconduc-
tor integrated circuit manufacturing that includes a
step which reduces sodium(Na) contamination in the
integrated circuit.

Background of the Invention

As the number of individual devices within an inte-
grated circuit increases and the sizes of the individual
devices decrease, the presence of unwanted subst-
ances within the integrated circuit often becomes an
even more severe problem than it was previously. For
example, the presence of particles on the surface of
a wafer may decrease the accuracy of the pattern
transfer process from, e.g., the mask to the wafer sur-
face, even to the point of rendering individual devices
within the circuit inoperative.

Unwanted substances may adversely alter
device characteristics, even if they do not always ren-
der the device inoperative. For example, trapped
charges in the gate oxide may lead to unwanted shifts
in the threshold voltage of an individual field effect
transistor. Such shifts are undesirable. It is now well
established that alkali metal, typically Na, ions are the
dominant cause of such threshold voltage shifts.

Elimination of Na ion contamination in the semi-
conductor manufacturing process is thus an area of
great concern to those skilled in the art. It is not an
easy area to address because of the almost inevitable
presence of Na ions in many of the process steps. For
example, the resists which are present during the pat-
tern transfer process from mask to wafer almost inevi-
tably contain Na ions. During the etching step of the
pattern transfer process, the Na ions may move into
a dielectric layer and create problems for subsequent
processing steps and even for device operation.
There may be additional sources of Na ion contami-
nation.

Summary of the Invention

A method of semiconductor integrated circuit
manufacturing which comprises depositing a dielec-
tric layer on a patterned substrate and etching said
dielectric layer on said substrate in a plasma etching
machine comprising interior surfaces at least some of
which have been cleaned with a method comprising
washing in a solution comprising a Na ion solvent. In
a preferred embodiment, the dielectric layer com-
prises silicon dioxide. In a further preferred embodi-
ment, the Na ion solvent comprises deionized water.

Brief Description of the Drawing

The FIGURE plots time horizontally versus the
resistivity of the solution vertically.
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Detailed Description

Alkali metal, especially sodium(Na), ion contami-
nation is a significant problem in many aspects of
semiconductor integrated circuit manufacturing. The
contamination can come from many sources includ-
ing, for example, the resists used in transferring pat-
terns to a resist coated substrate, as well as other
sources. The transferring step comprises exposing
selected portions of a resist coated substrate to radi-
ation. Those skilled in the art will readily select a suit-
able resist and coat the substrate with the resist.
Selected portions of the resist coated substrate are
exposed to radiation which reacts with the resist and
creates differential etch characteristics between the
exposed and unexposed portions of the resist. Those
skilled in the art will readily select appropriate sources
of radiation. The substrate may be exposed directly to
the pattern, as by electron beam exposure, or it may
be exposed through a mask. After exposure, the pat-
tern is transferred to the substrate by etching. This is
frequently done in a plasma etching machine. Such
machines are well known to those skilled in the art and
need no further description.

A dielectric layer is deposited by conventional
techniques such as plasma-assisted deposition. An
exemplary dielectric comprises silicon oxide. The
dielectric generally does not have a planar surface
because it is deposited on a non-planar surface; i.e.,
the patterned substrate does not have a planar sur-
face. A plasma etch removes some of the dielectric
material but also smoothes the dielectric surface.

| have found that the alkali metal contamination
present after the etching process has been completed
can be significantly reduced by cleaning atleast some
of the interior surfaces of the etching machine with a
solution that comprises a Na solvent. Those skilled in
the art will readily select such a solvent. An exemplary
solvent is reverse osmosis deionized water. The
reverse osmosis reduces particulate contamination. |
have found that brief treatment in an acid, e.g., a
HNO;, HCI, and C, H5; OOH mixture, both followed by
a brief rinse in deionized water improves the results
obtained in the reverse osmosis deionized water. The
term, deionized water, is well known to those skilled
in the art and needs no further explanation.

The water is deionized because the use of
deionized water decreases the possibility that the
cleaning process will introduce unwanted contamin-
ants. The etching machine parts are immersed after
the acid mixture treatment in the deionized reverse
osmosis water which is desirably circulating. The
resistivity of the water is monitored. Initially it dec-
reases abruptly as the Na ions enter the water, it then
increases slowly as the ions are removed and the
water circulates. An exemplary plot of the resistivity
versus time is shown in the FIGURE which plots time
horizontally in units of minutes versus the resistivity
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vertically in units of Mohm-cm. As can be seen, the
resistivity decreases initially and then slowly
increases and returns to approximately its initial
value.

The etching machine is then reassembled and the 5
wafers etched using well known etching techniques.
Typically, a single washing, before initial operation,
will suffice to reduce the Na ion contamination.

Na ion contamination is measured using conven-
tional and well known techniques, such as triangular 10
voltage sweep, secondary ion mass spectrometry, or
a capacitance-voltage plot. The Na ion concentration
was 5.1 x 10%cm? before etching. After etching in
machines with and without cleaning parts as des-
cribed, the concentrations were 2 x 10'%cm?2 and 5 x 15
10'2/cm?2, respectively.

Variations will be readily though of by those skil-
led in the art. For example, multichamber etching
machines can be used.
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Claims

1. A method of semiconductor integrated circuit
manufacturing which comprises depositing a dielec- 25
tric layer on a patterned substrate and etching said
dielectric layer in a plasma etching machine
CHARACTERISED BY interior surfaces at least some
of which have been cleaned by a method comprising
washing in a solution comprising a Na ion solvent. 30

2. Amethod asrecited in claim 1 in which said sol-
ution comprises deionized water and said method
further comprises monitoring the resistivity of the sol-
ution.

3. A method as recited in claim 2 further compris- 35
ing washing said surfaces in an acid and water mixt-
ure before washing in said deionized water.

4. A method as recited in claim 3 in which said
acid and water mixture comprises HNO; HC/ and
C,Hs00H. 40

5. A method as recited in claim 1 in which said
dielectric layer comprisessilicon oxide.

6. A method of semiconductor integrated circuit
manufacturing which comprises depositing a dielec-
tric layer on a patterned substrate and etching said 45
dielectric layer in a plasma etching machine compris-
ing interior surfaces at least some of which have been
cleaned by a method comprising washing in a solution
comprising a Na ion solvent, said solution comprises
deionized water and said method further comprises 50
monitoring the resistivity of the solution and washing
said surfaces in an acid and water mixture which com-
prises HNO3; HC1, and C,H;O0H.
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